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Abstract 
Technical University of Cluj-Napoca by the Lighting Engineering Laboratory – LEL – is the main lighting independent 
consultant around Transylvania (the north-west side of Romania). Among o lot of private companies, the town halls and national 
regional authorities require LEL consultancy for designing new lighting solutions. The lighting refurbishment of university 
greatest lecture hall with an LED and dedicated control solution was a success and the starting point for a new strategy for a 
greener university. Some finalised or under survey energy efficiency lighting techniques are presented.  
The Technical University of Cluj-Napoca financed for the year 2014-2015 an internal energy efficiency project aiming to 
determine the present energy consumption for the university buildings. Starting from the present consumption and based on the 
tested energy efficiency implemented solutions, an eco-active building concept was developed – Living Building Lab. The main 
design proposals are presented.  
©2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Since 1999 the Lighting Engineering Laboratory – LEL plays an active role in the lighting community. Based on 
the ideas of professor Florin Pop and initially called the Lighting Engineering Centre it was created to promote 
lighting and one of the most appreciated result was the “Ingineria Iluminatului – The Lighting Engineering” Journal 
[1]. Today LEL continue this project, being a third party which try to find best solutions for end-users from what 
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industry has to offer and based on last researches. In order to have a large scale involvement come the natural 
involvement in the green buildings with three directions: education, refurbishments projects and studies about future 
lighting developments. 
2. LEL energy efficiency lighting solutions – case studies 
2.1. Cluj-Napoca City Hall 
Within the Swiss-Romanian cooperation programme, Cluj-Napoca City Hall, Romania, developed for the year 
2014 a new lighting rehabilitation project. The project involved 22 streets and 2 of the city hall buildings. The 
project was developed by the Lighting Engineering Centre – Technical University of Cluj-Napoca [2].  
The public street lighting was using in large majority sodium lamps. Partial the lighting system was upgraded 
during 1997 - 2007. At this moment the energy consumed during one year to support the functioning of the lighting 
system for the 22 streets (1358 luminaires) reaches 1096898 [KWh].The modernisation of the public street lighting 
luminaires involved replacing existing luminaires using sodium lamps with modern luminaires based on LED 
technology which are much more energy efficient. The new luminaires were equipped with wireless communication 
components and electronic ballasts that allow them to function in different power levels on different time schedules. 
For the 2 city hall buildings (19531 sq m) the current lighting system is based on 1094 luminaires using 
fluorescent and incandescent light. Upgrading interior lighting system involved replacing the existing luminaires, 
the fluorescent or incandescent lamps with modern luminaires using LED technology. All lighting equipment was 
equipped with DALI protocol driver (except those for bathrooms and hallways), allowing their control in the future, 
using a new tele management system. Additionally, for experimental purposes a new command and control lighting 
system was implemented, designed with automatic adjustment of light levels, for four offices. Those were equipped 
with presence sensors and light sensors, which take into account the natural light level and the room occupancy 
level.  The future study and oversight of the system will highlight the opportunity of its implementation for all the 
city hall rooms. 
The main objectives of the project were to reduce energy consumption, running costs and carbon dioxide 
emissions, preserving or even improving the existing visual comfort. By implementing this project there are 
expected total electricity savings of about 44% for interior lighting, and 54% for the exterior street lighting. The 
total annual energy reductions are about 762.17 MWh/year with a cost reduction of approximate 75000 euro/year.  
This predicts a reduction of annual carbon dioxide emissions by 377 t CO2 over one year. The CO2 emissions are 
calculated taking into consideration the total energy savings and the average value of 494.66 [g CO2/kWh] for Romania, 
the year 2012 that was provided by the Romanian Electrical Energy Company – ELECTRICA S.A., Table 1 [3]. 
                               Table 1. The estimated project savings 
 Installed power 
reduction 
Power consumption 
savings 
Carbon dioxide 
emissions reduction 
 [kW] [MWh/year] [tCO2/year] 
Indoor lighting 43.37 169.70 84 
Outdoor lighting 162.32 592.47 293 
TOTAL 205.69 762.17 377 
Technical University of Cluj-Napoca by the Lighting Engineering Laboratory – LEL – was involved as a 
consultant for the Cluj-Napoca city council plan to replace existing luminaires with LEDs in order to reduce CO2 
emissions. The implementation of this project will reduce the lighting electricity consumption with approx. 44% to 
54%. The total annual energy reduction is about 762.17 MWh/year with an annual carbon dioxide emissions 
reduction of 377 tCO2. The final project proposal was approved and received 1.5 million euro funding from the 
Swiss partner.  
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2.2. University Auditorium 
In 2013 the Technical University of Cluj-Napoca started an internal programme to identify electrical lighting 
consumptions and new refurbishment solutions [4]. LEL is part of this programme and try to find the best energy 
efficient solutions for replacing the existing lamps and luminaires [5]. In order to reduce the university energy 
consumption, LEL is presently trying to develop a lighting energy efficient refurbishment strategy. 
The Faculty of Building Services is the youngest faculty of the nine faculties within the Technical University of 
Cluj-Napoca. The Faculty's auditorium was built in 2009, after the entire building, has undergone a series of 
renovations. This auditorium is the largest one in the university, with a capacity of 300 people. The lighting system 
proposed in the year 2009 was with luminaires equipped with 4xT8 18W fluorescent lamps, with a luminous flux of 
4200 lm – Fig. 1(a).  
a)  b) 
Fig. 1. Auditorium lighting system (a) before - fluorescent; (b) after – LED 
The replacement of the classic system was determined by a series of factors, such us the average illumination 
level of the blackboard (around the value of 250 lx), lighting distribution, the need of dimming during presentations, 
electricity consumption, costs etc. The new lighting system uses 30 LED luminaires and 5 LED spots. The 30 LED 
luminaires are mounted in the recessed ceiling, each having a nominal input of 51 W, with a radiated luminous flux 
of 3550 lm. The LED spots have a nominal input of 31 W and a luminous flux of 2700 lm – Fig. 1(b). The whole 
lighting system is controlled by a touch screen panel through the DALI interface. It provides various possibilities of 
creating lighting scenes.  
The new lighting system supports the impression of the space openness, creates condition for concentrated work 
and enables the students to work out their notes. The DALI interface allows us to create lighting scenes suitable for 
various types of activities (presentations, full concentrated work). Through the new lighting system we managed to 
ensure a good vertical illumination of the auditorium presentation surfaces, a problem that could not been solved by 
the lighting system equipped with fluorescent lamps. A lighting refurbishment represents a great opportunity for 
reducing energy and cutting costs .In our case the lighting system equipped with fluorescent lamps fits into 
efficiency class B, since the value of LENI is 43.40 kWh/sq. m*year. The lighting refurbishment determined an 
efficiency class A, based on LENI coefficient value of 14.40 kWh/sq. m*year [4]. This means that the electrical 
power saving are around 7308 kWh/year with a cost reduction of about 700 euro/year. 
2.3. University Hallways / Study rooms 
As the main lighting source presently used for the university buildings is T8 4*18W fluorescent luminaires, LEL 
had to find a new refurbishment lighting solution for those luminaires. A new LED refurbishment solution was 
adopted using 4 LED strips and two LED drivers for replacing the old fluorescent lamps and the conventional 
electromagnetic ballasts, keeping the same old luminaires shell and reflector. The initial electricity consumption of 
about 89W was reduced by more than 75% to a value of 21W – Fig. 2. 
128   Calin Ciugudeanu et al. /  Energy Procedia  85 (2016)  125 – 131 
a)  b) 
Fig. 2. Luminaire refurbishment solution (a) fluorescent; (b) LED. 
a) b) 
Fig. 3. Field measurements (a) - Old luminaire using T8 4*18W, (b) - Refurbished luminaire using LED  
The measured illumination levels are presented in Fig. 3(a) for the T8 4*18W fluorescent old luminaire and in 
Fig. 3(b) for the same luminaire using new LED 4*14W. The field measurements were made on a 2.4 m wide 
hallway. The chosen measurement grid was 0.6*0.6 m. The measurements were recorded using a TESTO 545 
lighting meter. 
According to SR EN 12646-1:2011 – 5.36 Educational Buildings [6], hallways and circulation areas, the 
requested average illumination level is 100 lx and 0.40 uniformity. Bought lighting systems are close to the required 
average illumination level – Table 2. The LED system has a better uniformity value and uses only 25% electric 
power.    
                                                Table 2. Measurement results 
MEASURED RESULTS T8 4*18W LED 4*14W 
Minimum ilumination level [lx] 72 66 
Maximum ilumination level [lx] 181 140 
Average ilumination level [lx] 110 95 
Uniformity 0.65 0.70 
Among other proposed ongoing energy efficient lighting solutions are replacing the existing electromagnetic 
ballasts of the 2xT8 36W fluorescent luminaires with new electronic DALI protocol drivers (with corridor function) 
and presence/lighting sensors, which take into account the natural light level and the occupancy. This lighting 
refurbishment solution is an ongoing project under survey, where the conclusions will be drawn in the next year. 
2.4. Hybrid Tubular Daylight Guidance Systems  
A new hybrid Tubular Daylight Guidance Systems –TDGS was developed based on the previous survey studies 
for a TDGS installed in Cluj-Napoca, [7]. 
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Presently a new Hybrid TDGS is under survey. The new system is using a passive TDGS [8] and a small 
photovoltaic 40W system powering LED light sources, placed next to the diffuser. A dimming control system is 
used in order to maintain a certain lighting level on the work area – Fig. 4.  
 
Fig. 4. Hybrid Passive Tubular Daylight Guidance System   
The designed hybrid system does not need the support of the electric network system, being suitable / adaptable 
for isolated areas where there is no electricity or for refurbishment solutions where new electrical wiring is not 
desired. 
3. LBL - Living Building Lab Concept 
The Technical University of Cluj-Napoca financed for the year 2014-2015 an internal energy efficiency project 
aiming to evaluate the present energy consumption and to develop a new eco-active educational building concept – 
Living Building Lab LBL. Presently the LBL design is ready to build waiting for the final City Hall Approval. 
A detailed measurement of the current consumption of the Faculty of Building Services – UTC-N, with a total area 
of 4775.98 sq m was made. The facility electricity and natural gas bills for the year 2012 were analysed -Table 3. 
         Table 3. Current annual energy consumption – UTC-N – Faculty of Building Services 
UTC-N   
Building 
Services 
Area     
ELECTRIC CONSUMPTION                     
0.155 [euro/kWh] 
NATURAL GAS CONSUMPTION                
0,0382 [euro/kWh] 
[sq. m] [euro/month] [euro/year] [kWh/month] [kWh/year] [euro/month] [euro/year] [kWh/month] [kWh/year] 
4776 4735 56825 6862 82355 7795 93539 45853 550229 
                    
  TOTAL ENERGY CONSUMPTION: 632584 [kWh/year]     
  ANNUAL ENERGY REQUIREMENT: 132,45 [kWh/(sq. m*year)]   
A total energy (electrical and natural gas) consumption of 132.46 [kWh/(sq. m*year)] was identified for the year 
2012, based on the utilities bills. A consumption pattern was also identified for the year 2014 electrical consumption. 
Fig. 6 shows the daily electricity consumption in the first eight months of the year 2014. The graph shows the 
consumption variations after classes/semesters. All the measurements were made in the same day of the week 
(Thursday) in order to compare theoretically the same class schedule. For the first four months the electricity 
consumption is higher (over 20 kWh) from 6.00 AM to noon. For the next three months the electricity consumption 
is more constant during the day (over 10 kWh) from 6.00 AM to 2.00 PM. August readings show constantly low 
electricity consumption (3 kWh) for the holydays, when usually the university building is close.   
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Fig. 6. UTC-N Faculty of Building Services daily electricity consumptions 
The most important result of the LBL project will be to build the first Romanian eco-active building (Living 
Building Lab), using traditional materials combined with the latest technologies, educational - purpose space, where 
these solutions are to be tested in real conditions. The building process will be supported by volunteers (project 
members, PhD researchers and students). The private/public sector interest will be involved by new sponsorships 
contracts (specialized services, materials, equipment). Up to this point the architectural design was finalized and 
awaits for feedback from the structural/building services team specialists Fig. 5. In order to obtain a low carbon 
footprint and also achieve a practical low cost building example, simple, bio and locally available construction 
materials are needed. Building structure will be made from wood having a metal pylon foundation in order to avoid 
the Portland cement use. The thermal isolation will be made of bales of straw and wool. As for the exterior building 
envelope, wood and clay plasters will be used. The proposed building has two floors and a total area of 220 sq m. 
The south east side of the building will have vertical green walls. For the roof area an isolation study was performed, 
taking into account the LBL location and the surrounding buildings. In order to get the largest photovoltaic roof 
exposition, the final solution was half terrace and half pitched roof, facing south. A total photovoltaic area of 71  
sq. m was reached. 
 
Fig. 5. Living Building Lab architectural design 
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The photovoltaic system will be designed to power the building facilities and also the old faculty building 
consumers. Natural and heat recovery ventilation systems will be used as well as a Canadian well and a heating 
pump. The interior lighting system will use besides the traditional windows, tubular daylight guidance systems [6] 
and LED luminaires. The rain water will be used for the water supply of the building and the plants irrigation 
system. In order to ensure a minimal ecological impact, an eco-water purification plant will be installed. An 
advanced building management system – BMS will be used in order to achieve the best energy efficiency and also 
to constantly monitories the building’s consumptions. 
4.  Conclusion 
The Living Building Lab Project – UTC-N should be an example of how to change the annual energy requirement 
of the old university buildings (135 [kWh/(sq. m*year)] to a close to zero energy consumption green facility – Fig. 7.  
 
Fig. 7. Living Building Lab goal 
The present paper is just the beginning of the first Romanian green building model for educational/exhibition 
proposes. Just the first design steps are presented in order to discus and get feedback from the scientific society and 
previous experiences. The Living Building Lab Project aims to develop a green model for an active house built up 
using eco, locally available and low cost construction materials with a very low carbon footprint. The general public 
should see that everyone can afford those eco building technologies (straw, wool, clay etc.) that combined with the 
latest energy efficient technologies can actually consume close to zero energy and have a minimal impact on the 
environment.  
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